Challenges for cloud modeling in the context of aerosol-cloud-precipitation interactions by Lebo, ZJ et al.
NINTH INTERNATIONAL CLOUD MODELING WORKSHOP
What: More than 40 experts on cloud modeling 
convened to discuss key advances in the 
representation of clouds in numerical models 
and future efforts to further improve the 
predictability of clouds and precipitation.
When: 22–26 July 2016
Where: Met Office, Exeter, United Kingdom
CHALLENGES FOR CLOUD 
MODELING IN THE CONTEXT OF 
AEROSOL–CLOUD–PRECIPITATION 
INTERACTIONS
Zachary J. Lebo, ben J. ShipWay, JiWen Fan, iStvan GereSdi, adrian hiLL,  
annette MiLtenberGer, huGh MorriSon, phiL roSenberG, adaM varbLe, and LuLin Xue
AFFILIATIONS: Lebo—Department of Atmospheric Science, 
University of Wyoming, Laramie, Wyoming; ShipWay and hiLL—
Met Office, Exeter, United Kingdom; Fan—Pacific Northwest 
National Laboratory, Richland, Washington; GereSdi—Faculty 
of Science, University of Pécs, Pécs, Hungary; MiLtenberGer 
and roSenberG—School of Earth and Environment, University 
of Leeds, Leeds, United Kingdom; MorriSon—Mesoscale and 
Microscale Meteorology Laboratory, National Center for 
Atmospheric Research, Boulder, Colorado; varbLe—Department 
of Atmospheric Sciences, University of Utah, Salt Lake City, Utah; 
Xue—Research Applications Laboratory, National Center for 
Atmospheric Research, Boulder, Colorado
CORRESPONDING AUTHOR: Zachary J. Lebo, zlebo@uwyo.edu
DOI:10.1175/BAMS-D-16-0291.1
In final form 22 November 2016
©2017 American Meteorological Society
For information regarding reuse of this content and general copyright
information, consult the AMS Copyright Policy.
T he International Cloud Modeling Workshop  (CMW) has been a longstanding tradition in the  cloud microphysics modeling community and 
is typically held the week prior to the International 
Conference on Clouds and Precipitation (ICCP). For 
the Ninth CMW, more than 40 participants from 
10 countries convened at the Met Office in Exeter, 
United Kingdom.
The workshop included four detailed case studies 
(described in more detail below) rooted in recent field 
campaigns. The overarching objectives of these cases 
were to utilize new observations to better understand intermodel differences and model deficiencies, explore 
new modeling techniques, and gain physical insight 
into the behavior of clouds. As was the case at the 
Eighth CMW, there was a general theme of under-
standing the role of aerosol impacts in the context of 
cloud–precipitation interactions. However, an addi-
tional objective was the focal point of several cases at 
the most recent workshop: microphysical–dynamical 
interactions. Many of the cases focused less on idealized 
small-domain simulations (as was the general focus of 
previous workshops) and more on large-scale nested 
configurations examining effects at various scales.
The CMW provides a forum for detailed discussion 
within the community on current issues, and this was 
further emphasized at the Ninth CMW. The workshop 
was framed around the four cases described below in 
which all participants were encouraged to participate 
in discussion. There were also several plenary talks 
discussing novel modeling techniques and advance-
ments in cloud modeling. The interaction among the 
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participants resulted in a sometimes lively discussion, 
several key outcomes, and a clear direction for further 
advancing the state of the science. More details on the 
workshop can be found online (at http://icmw2016 
.weebly.com).
A brief summary of the motivation, setup, and 
preliminary conclusions are provided below.
CASE 1: A MODEL INTERCOMPARISON. 
This intercomparison study was based on a linear 
mesoscale convective system that occurred on 
20 May 2011 during the Midlatitude Continental 
Convective Clouds Experiment (MC3E). This is a 
well-documented case that has received considerable 
attention in recent research. The case leaders were 
Jiwen Fan [Pacific Northwest National Laboratory 
(PNNL)], Hugh Morrison [National Center for Atmo-
spheric Research (NCAR) Mesoscale and Microscale 
Meteorology (MMM) Laboratory], and Adam Varble 
(University of Utah).
The case was motivated by the need for a detailed 
comparison of microphysics schemes that are used 
in numerical models to simulate aerosol–cloud–
precipitation interactions in deep convective clouds. 
Previous studies have indicated a large spread in 
deep convective cloud simulations using different 
microphysics schemes, although isolating the pro-
cesses responsible for these differences is difficult 
because of the use of different dynamical models and 
other complications. There is also uncertainty in the 
processes most relevant to the effects of aerosol on 
deep convective clouds, some of which is caused by 
differences in microphysics parameterizations, while 
additional uncertainty may be related to differences 
in the dynamical model used to investigate these 
interactions. The purpose of this intercomparison 
study is to examine the major differences produced 
by different microphysical schemes and to identify 
the dominant factors responsible for these differences.
To realize this goal, a unified approach with the 
same dynamical core [i.e., the Weather Research 
and Forecasting (WRF) Model] was used with vari-
ous microphysics schemes. The initial comparison 
stage was focused on key processes leading to dif-
ferences in simulated convective system characteris-
tics. The second stage of the project will investigate 
feedbacks between the microphysics and dynamics 
using the “piggybacking” approach, in which all of 
the microphysics schemes are driven by the same 
dynamical fields to isolate the separate effects of 
microphysical and dynamical changes on convective 
system properties. The third stage will quantify 
the responses of different microphysics schemes to 
increased aerosol concentrations and identify causes 
for different responses based on the understandings 
gained from the first two stages.
Real-case WRF simulations were performed with a 
nested domain configuration in which outer domains 
provide boundary conditions for inner domains. The 
U.S. National Centers for Environmental Prediction 
Final Operational Global Analysis (NCEP FNL) was 
used for initial conditions. In the innermost domain, 
simulations were carried out using eight different 
microphysics schemes, including one-moment, two-
moment, and bin approaches. The initial conclusions 
were that 1) the simulations generally underpredicted 
surface precipitation and overpredicted convective 
updraft speed and reflectivity compared to observa-
tions and 2) the spread in updraft speed was jointly 
determined by differences in low-level vertical per-
turbation pressure gradients and buoyancy, which 
resulted from differences in the parameterization 
of ice properties and processes. Work planned on 
this case for the next 4 years will focus on stratiform 
precipitation biases, feedbacks between microphysics 
and dynamics, and the sensitivity of the simulated 
aerosol–cloud–precipitation interactions to the rep-
resentation of microphysical processes.
CASE 2: COPE CONVECTIVE SQUALL 
LINES. This case focused on squall lines observed 
during the Convective Precipitation Experiment 
(COPE) conducted over the southwest of England 
during the summer of 2013. The focus of the CMW 
case was the 3 August 2013 event, which closely 
resembled the conditions conducive to flash flooding 
events in the area, although the observed precipitation 
was much lower, presumably related to lower cloud 
tops and mobile convergence lines. The case leaders 
were Annette Miltenberger and Phil Rosenberg 
(University of Leeds) and Adrian Hill (Met Office).
Motivation for this case arose from the resulting 
economic losses and societal impacts caused by flash 
floods (e.g., Boulder, Colorado, in 2013 and Boscastle, 
United Kingdom, in 2004). Convective systems are 
significant contributors to these heavy precipitation 
events. However, the processes resulting in high 
precipitation intensities are not well understood, 
particularly the importance of warm rain pro-
cesses in midlatitudes and the role of secondary ice 
multiplication. The observations collected during 
COPE provided a unique dataset to explore the repre-
sentation of these processes in convective clouds and 
the effects on convective cloud life cycle.
Convection-resolving simulations over the COPE 
domain formed the bases of the case. Simulations 
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were run with different background aerosol conditions 
and different settings for the microphysics schemes. 
Similar to case 1, a nested configuration was used to 
capture large-scale features that are often overlooked 
in idealized modeling studies. However, unlike case 
1, in which a single model and dynamical core drove 
the different microphysics schemes, participants con-
tributed simulations using their own choice of model. 
The focus of the analysis was on the sensitivity of the 
precipitation formation and cloud glaciation to various 
microphysical parameters and aerosol concentrations.
The initial results demonstrated that the various 
models predicted the location of the convective line 
well compared to radar observations. However, the 
simulated precipitation rates and reflectivity values 
varied among the different models, with no clear 
dependence on the use of bin versus bulk microphysics. 
It was found that subkilometer horizontal resolutions 
were required to represent the observed convective 
cells. While domainwide statistics, such as the average 
precipitation rate, seemed to converge for subkilometer 
resolution, horizontal cell structures in most models did 
not converge with increasing resolution. Furthermore, 
the sensitivity to the Hallet–Mossop process (determined 
by running simulations both with and without the pro-
cess turned on) appeared to be model dependent. For 
example, the Thompson microphysics used in the WRF 
Model exhibited little or no sensitivity to the Hallet–
Mossop process, while a configuration of the Unified 
Model (UM) that uses the Cloud AeroSol Interactions 
Microphysics (CASIM) scheme exhibited a much larger 
sensitivity. Further investigations will be carried out to 
elucidate the causes for these intermodel differences.
CASE 3: SILVER IODIDE SEEDING OF 
WINTERTIME OROGRAPHIC CLOUDS. 
This case was focused on comparing model simula-
tions of wintertime orographic clouds with recent 
observations from state-of-the-art remote sensing 
instrumentation during the AgI Seeding Cloud Impact 
Investigation (ASCII) over southern Wyoming. As its 
name suggests, ASCII took place with the intention to 
determine the potential impact of silver iodide (AgI) 
seeding on precipitation amount and distribution. 
These precipitation facets are critical in the western 
United States mountains, where snowpack is a major 
source of freshwater. The case leaders were Lulin Xue 
[NCAR Research Applications Laboratory (RAL)] and 
Istvan Geresdi (University of Pécs).
The objectives of ASCII, which were extended to 
the CMW case, were to understand how ground-based 
glaciogenic seeding using AgI impacts wintertime 
orographic clouds over southern Wyoming. The 
case leveraged the wealth of data collected from the 
University of Wyoming King Air (UWKA) during 
the field campaign to validate the model simula-
tions. The 13 February 2012 case formed the basis 
of the modeling efforts to investigate the dynamic, 
thermodynamic, and microphysical processes in the 
observed orographic clouds in a turbulent and weakly 
convective environment.
The initial simulations relied heavily on a semi-
idealized setup with a simple bell-shaped mountain 
to mimic topography in the domain. This idealiza-
tion provided early insight into the behavior of the 
schemes, but as with the other cases, future efforts 
will focus on real-case simulations that encompass a 
larger domain and the actual topography of the study 
location. Simulations were conducted using both bin 
and bulk microphysics schemes.
The preliminary conclusions were as follows: 
1) Simulations with different grid spacing suggested 
that a coarse grid (900-m horizontal spacing) was 
insufficient for resolving turbulent eddies associ-
ated with orographic clouds and precipitation; higher 
resolution was needed. 2) Convective cells tended to 
organize in a linear structure when using bulk micro-
physics, while the bin simulations produced nonlinear 
convection. 3) The cloud phase partitioning and pre-
cipitation spatial distribution were sensitive to both the 
microphysics scheme and cloud condensation nuclei 
concentration. 4) The AgI seeding simulated using 
bin microphysics had no effect on the cloud dynamics, 
resulting in a slight increase in precipitation on the 
upwind side of the hill, which was almost completely 
compensated for by a reduction on the leeward side.
CASE 4: VOCALS AEROSOL–CLOUD–
PRECIPITATION INTERACTIONS. The 
final case study followed from the previous cases 
on aerosol processing by drizzling stratocumulus 
from the Eighth CMW and the Global Atmospheric 
System Studies (GASS) Kinematic Driver-Aerosol 
(KiD-A) intercomparison. These previous studies 
were predominantly focused on using kinematic tools 
for assessing microphysical behaviors. In the current 
case, fully coupled 3D simulations of drizzling stra-
tocumulus were developed, and aerosol processing 
was predicted using various microphysical modeling 
techniques. The case leaders were Adrian Hill (Met 
Office) and Zachary Lebo (University of Wyoming).
Recent modeling developments have resulted in 
numerous microphysics schemes capable of repre-
senting aerosol processing in clouds. The purpose 
of this case was to investigate the accuracy and 
efficiency of these approaches in the context of 
1751AUGUST 2017AMERICAN METEOROLOGICAL SOCIETY |
drizzling stratocumulus. The motivation arose from 
the observed differences between aerosol character-
istics in closed and open cells over the subtropical 
eastern Pacific. These cells have dramatically differ-
ent cloud characteristics, and aerosol processing at 
the boundary has been argued to play an important 
role (and perhaps even control) the transition from 
open- to closed-cell circulations. The overarching 
goal was to obtain a benchmark from the available 
state-of-the-art modeling frameworks.
The case focused on 3D idealized simulations with 
relatively small grid spacings and based on observa-
tions of drizzling stratocumulus collected during 
the Variability of the American Monsoon Systems 
(VAMOS) Ocean–Cloud–Atmosphere–Land Study 
(VOCALS) field campaign; however, results of 1D 
and 2D kinematic simulations were also presented. 
Unlike the first three cases, which relied on more 
traditional bin and bulk microphysics schemes, this 
case levied two additional microphysical representa-
tions—namely, Lagrangian microphysics (sometimes 
referred to as the superdroplet method) and 2D bin 
(which predicts both droplet mass and solute mass 
in cloud and precipitation hydrometeors). One of 
the overarching issues with the intercomparison was 
determining a suitable initialization and spinup for 
all models. For example, some models require time 
to evolve wet aerosol particles into cloud droplets 
(typically the more detailed models), while others can 
instantaneously condense all excess water vapor pre-
scribed in the sounding (typically the bulk schemes).
The initial findings highlighted a large spread in 
simulated precipitation rates among the models. The 
detailed models (e.g., traditional bin, 2D bin, and 
Lagrangian schemes) exhibited the largest spread, 
with the less detailed bulk frameworks somewhere 
in between. However, even with these large dif-
ferences, when examining the results in terms of 
aerosol susceptibility (or, the relative change in the 
precipitation rate of a relative change in the aerosol 
number concentration), the detailed models provided 
a very narrow range of values, while the bulk models 
exhibited large spread. Furthermore, the intermodel 
differences varied based on the background condi-
tions (e.g., aerosol loading and/or vertical velocity). 
Future efforts will focus on pinpointing the reasons 
for the large intermodel spread.
GENERAL CONCLUSIONS. Innovative research 
problems formed the basis of the International Cloud 
Modeling Workshop, which brought together partici-
pants from around the world. The cases had a general 
theme of assessing sensitivities of cloud properties to 
various microphysical parameters and processes and 
of understanding the impacts of varying environmen-
tal and aerosol conditions on cloud characteristics. 
Moreover, the presentations and discussions focused 
on novel modeling concepts, many of which were 
developed after the previous modeling workshop, and 
outlining areas of improvement and defining future 
endeavors. Based on the numerous presentations and 
extensive discussion in the plenary sessions, the fol-
lowing main conclusions were drawn:
1) The cloud modeling community is moving away 
from solely focusing on only detailed microphysi-
cal studies with idealized frameworks and toward 
augmenting these with a more systemwide focus 
by examining the coupling between microphysics 
and dynamics.
2) To advance the parameterization of ice-phase 
microphysics (in bulk and bin schemes), the 
modeling community should further explore the 
paradigm of free ice-phase categories.1
3) The large spread in current “detailed” schemes 
is problematic and presents a challenge for those 
hoping to constrain simple numerical approaches 
or define a benchmark.
4) Resolution and microphysics are inherently 
linked; moving toward higher resolution is still a 
primary goal of the community to better resolve 
detailed microphysical structures. Kilometer-
scale models are still not sufficient to resolve 
necessary details, and effort should be put forth 
to improve the linkage between grid-scale cloud 
microphysics and subgrid-scale variability.
5) There is a need to better integrate advances in 
modeling techniques and detailed case studies 
with observational campaigns, which will help 
constrain numerical models; the effort to include 
observations is strong, yet incorporating more 
observationalists in the workshop cases would 
be beneficial to the community and should be 
emphasized in future workshops.
Efforts are continuing for the individual cases follow-
ing the workshop; scientific outcomes and future di-
rections will be presented in upcoming publications.
1 Here, “free ice-phase categories” is used to describe micro-
physics schemes that do not rely on predefined ice categories 
(cloud ice, snow, graupel, hail, etc.) and their characteristics 
(e.g., the density). These schemes have prognostic equations 
for ice crystal properties, allowing the ice characteristics to 
freely evolve with time.
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intended for both serious enthusiasts and 
new meteorology students, will leave you 
with both refined observation skills and 
an understanding of the complex science 
behind the weather: the ingredients for 
making reliable predictions of your own. 
It connects fundamental meteorological 
concepts with the processes that shape 
weather patterns, and will make an expert of any dedicated reader.
© 2014, PAPERBACK, 210 PAGES,  
ISBN: 978-1-935704-58-4  LIST $30 MEMBER $20
A Scientific Peak: 
How Boulder Became a 
World Center for Space and 
Atmospheric Science
JOSEPH P. BASSI
How did big science come to Boulder, 
Colorado? Joe Bassi introduces us  
to the characters, including Harvard 
sun–Earth researcher Walter Orr 
Roberts, and the unexpected brew  
of politics, passion, and sheer luck that 
during the Cold War era transformed 
this “Scientific Siberia” to home of 
NCAR and NOAA.
How Boulder Became a World Center
for Space and Atmospheric Science
A M E R I C A N  M E T E O R O L O G I C A L  S O C I E T Y
Joseph P. Bassi
A Scientific Peak
In 1951, Bob Simpson rode a plane 
into a hurricane—just one of the 
many pioneering exploits you’ll find 
in these memoirs. Bob and his wife 
Joanne are meteorological icons: Bob 
was the first director of the National 
Hurricane Research Project and a 
director of the National Hurricane 
Center. He helped to create the 
Saffir–Simpson Hurricane Scale; the 
public knows well his Categories 1–5. Proceeds from this book 
help support the AMS’s K. Vic Ooyama Scholarship Fund.
© 2015, PAPERBACK, 156 PAGES  
ISBN: 978-1-935704-75-1 LIST $25 MEMBER $20
Hurricane Pioneer: 
Memoirs of Bob Simpson
ROBERT H. SIMPSON AND NEAL DORST
Before Doppler radar and weather 
broadcasts, Spanish Jesuit Benito Viñes 
(1837–1893) spent decades observing 
the skies at Belen Observatory in 
colonial Cuba. Nicknamed “the Hurricane Priest,” Viñes  
taught the public about the weather and developed the first 
network of weather observation stations in the Caribbean, 
groundwork for the hurricane warning systems we use today. 
© 2014, PAPERBACK, 172 PAGES  
ISBN: 978-1-935704-62-1 LIST $20 MEMBER $16
Father Benito Viñes: 
The 19th-Century Life  
and Contributions of a  
Cuban Hurricane Observer  
and Scientist
LUIS E. RAMOS GUADALUPE
TRANSLATED BY OSWALDO GARCIA
The 19th-Century  
Life and Contributions  
of a Cuban Hurricane  
Observer and Scientist
by Luis E. Ramos
Guadalupe
Translated by  
Oswaldo Garcia
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HISTORY AMS Meteorological Monographs Vols. 1–55 (1947–2010) are available via 
Springer at springer.com/ams, with select volumes available in print via AMS 
at bookstore.ametsoc.org. Starting in 2016 with Vol. 56, new monographs will 
be open access, available via the AMS Journals Online site.
© 2015, PAPERBACK, 264 PAGES, ISBN: 978-1-935704-85-0
LIST PRICE: $35.00      MEMBER PRICE: $25.00
This new online directory replaces the 
former BAMS Professional Directory and 
lists an array of weather and climate service 
providers. You can ﬁnd the new directory 
under the “Find an Expert” link from the 
AMS home page. 
It’s easier than ever for the weather,
water, and climate community and 
the general public to search for 
organizations and individuals oﬀering these 
important services. 
Learn more at www.ametsoc.org
www.ametsoc.org
LOOKING FOR AN EXPERT?
AMS announces the launch of our new online directory of 
Weather and Climate Service Providers.
NEW!
Weather & Climate Service
Providers Directory
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